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(54) Tide: SELF-FORMING PROSTHESIS FOR REPAIR OF SOFT TISSUE DEFECTS 
(57) Abstract 

A prosthesis (10) is provided that 
is advantageously used to fill a soft tis- 
sue or muscle defect, such as an inquinai 
or femoral hernia. In a first aspect of the 
invention, multiple layers of a flexible, 
mesh material are attached together al 
a finite number of joins, A tab (25) is 
placed at the geometric center of one of 
the mesh layers to facilitate insertion of 
the mesh into the defect. The tab (25) 
also creates a blunt tip that reduces irri- 
tau'on and discomfon to the patient In 
a second aspect of the invention, a pros- 
thesis is provided that includes a barrier 
layer between two or more layers of flex- 
ible, mesh material to prevent adhesion 
of the device to the tissue. All layers 
are attached together by a finite number 
of joins (45). A tab (25) is placed at the 
geometric center of one of the mesh lay- 
ers to facilitate insertion of the mesh into 
the defect TTie prostheses of the inven- 
tion are self-fonming in that they change 
from a two-dimensional configuration to 
a three-dimensional configuration upon 
insertion of the device into the defect 
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SELF FORMING PROSTHESIS FOR REPAIR OF SOFT TISSUE DEFECTS 

Field of the Inventinn 

The present invention relates generally to a surgical prosthesis for repair of soft 
5. tissue defects, and more particularly to a surgical prosthesis that is composed of surgical 
mesh and is self-forming to readily adapt to the contour of the defect. 

Background of the Inventinn 

The most common operation performed by general surgeons in the United States 
10 is inguinal herniorrhaphy. Over 600,000 such procedures are performed annually. 
Lichtenstein and Shore first began using a plug composed of surgical mesh to treat 
femoral hernias and recurrent inguinal hernias in 1968. The plug consisted of a roll of 
surgical mesh that was coiled into a plug and inserted into the defect to fill the defect. 
The plug concept of treating a hernia developed by Lichtenstein and Shore was sho^vn to 
15 be a simpler and more reliable repair than the previous conventional technique of 
suturing the defect to close. The rate of recurrent herniation proved to be very low 
compared to the foimer technique. The plug, however, lacks radial support to maintain 
its position within the defect. 

Later, Gilbert and Rutkow began treating primary and recurrent hernias with an 
20 umbrella plug. A swath of surgical mesh was rolled into a cone shape and inserted into 
the tissue defect to occlude the void. While the plug provides more radial support than 
the plug of Lichtenstein and Shore, the plug, has certain disadvantages. The plug lacks 
the needed interior bulk to solidly fill the opening. Furthermore, the apex end of the 
conical mesh structure is inserted first into the defect, producing a sharp pointed edge 
25 which could cause irritation to the underlying tissue and discomfort to the patient. Since 
the plug is prefonned and in a conical shape, it can only fill defects that are 
approximately its shape. 
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Femandez in United States patent 5,147,374 disclosed a prosthetic patch for 
hernia repair. The patch is fabricated from a rolled up flat sheet of polypropylene or 
PIPE surgical mesh. The sheet of surgical mesh is rolled into a cylinder and bound 
together by catgut to hold its shape. One end of the rolled up mesh is cut with multiple 
5 slits to form flared out flaps. The flaps are sutured to a second sheet of surgical mesh. 
The patch is compressed into a cylindrical longitudinal structure and a trocar is used to 
insert it into the defect. Like the plug of Lichtenstein and Shore, this plug lacks radial 
suppon to maintain it in position and thus requires stitching of the covering mesh to the 
soft tissue to hold its position. The plug is preformed in a circular cross section and 
0 consequently does not conform well to variances in the contour of the defect. 

The C.R. Bard Co. of Billerica, Massachusetts has introduced a preformed plug 
under the tradename PerFix Plug for hernia repair. The plug is cone shaped and 
fabricated from a layer of surgical mesh that is pleated to contact the contour of the 
defect. Multiple layers of a fill mesh provide bulk to fill the void. The plug is 
5 compressible, but because it is preformed and has a preset shape it does not exert 
significant outward radial force within the defect to prevent protrusion of material 
through the defect. While the plug has a more bunt tip at the apex of the cone than the 
plug of Gilbert and Rutkow, it still has a rather sharp tip that may cause irritation to the 
underlying tissue and discomfort to the patient.. 

What is clearly needed is a self-foming prosthesis for hernia repair that 
anatomically conforms well to the contours of a wide variety of defects, is easily 
insertable into the defect while having a blunt tip to seal the defect, minimize irritation 
and reduce discomfort in the patient after insertion. 

Objects of the Invention 

It is an object of the invention to obviate the above noted disadvantages of the 
prior art. 
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It is a flirther object of the invention to provide for a self-forming prosthesis that 
can be advantageously used to repair a soft tissue defect. 

It IS a ftirther object of the invention to provide for a self-fonning prosthesis that 
can be defonned from a planar configuration to a 3-dimensional structure. 
5 It is a still further object of the invention to provide for a self-forming prosthesis 

that can be advantageously used to repair a soft tissue defect and that upon insertion 
anatomically confoims to the contour and size of the defect. 

It is a yet further object of the invention to pruvide for a self-forming prosthesis 
that naturally exerts an outward radial pressure on the defect to maintain position within 
10 the defect. 

Other general and more specific objects of the invention will in part be obvious 
and will in part appear from the drawings and description which follow. 

Summary of the Invenfinn 

1 5 The invention addresses the need for a prosthesis advantageously suited for 

repair of a soft tissue or muscle defect. 

In one aspect of the invention, a prosthesis is provided that is fabricated from 
multiple layers of a flat surgical mesh. The mesh layers are cut into a circular shape and 
placed in alignmem on top of each other. In the preferred embodiment, the layers of 
20 mesh are attached to each other by a finite number of joins that are radially distributed 
from the center of the mesh material. A tab of surgical material is attached to one of the 
layers of the mesh material to allow for easy insertion of the prosthesis into the defect. 

In a further aspect of the invention, a second prosthesis is disclosed having a 
layer of polytetrafluoroethylene or other suitable barrier between two layers of surgical 
25 mesh to prevent adhesion formation with the tissue. The two layers of mesh and the one 
layer of barrier material are attached by a fmite number of joins that are preferably 
radially distributed from the center of the layers. The prosthesis also includes a tab 
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which is attached to one layer of the surgical mesh for easy insertion of the device into 
the defect. 



: or 



In a yet further aspect of the invention, a method for repairing a soft tissue i 
muscle defect is described in which the prostheses of the invention are forcibly urged 
into the defect while the configuration of the prosthesis changes from a planar structure 
to a 3-dimensional structure to fill the defect. 



Brief Description of the Drawing s 

The foregoing and other objects, features and advantages of the invention will be 
1 0 apparent from the following description and from the accompanying drawings, in which 
like reference characters refer to the same parts throughout the difFerem figures. The 
drawings illustrate principles of the invention and, are not intended to be to scale. 

FIG. 1 is a side view of a mult'i layer prosthesis in accordance with one 
embodiment of the invention. 

5 FIG. 2 is a top view of the prosthesis of FIG. 1 , in which the tab and joins of the 

prosthesis are shown. 

FIG. 3 is an alternate embodiment of a multi layer prosthesis in accordance with 
of the invention. 

FIG. 4 is a side view of a soft tissue defect and a prosthesis placed over the 
) defect but not yet inserted therein. 

FIG. 5 is a side view of a soft tissue defect with the a prosthesis in accordance 
with the instant invention inserted therein. 



Detailed Description nf a n Illustrative Embodiment 

Throughout the following detailed description, the same reference numbers refer 
to the same elements in all figures. 
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FIG 1 shows a prosthesis 10 in accordance with the present invention that is 
composed of a layer of flexible surgical mesh 15, cut from a planar sheet of the material. 
The mesh may be cut using techniques such as laser cutting, hot knives, or shears that 
are well known to those of ordinary skill in the art. The layer of surgical mesh may be 
5 cut in a variety of shapes. The shape of the cut is determined by the intended application 
of the prosthesis. Shapes intended to be within the scope of the invention include but are 
not limited to a circular, rectangular, square, or oval geometry. In the preferred 
embodiment of the invention, the shape of the layer of surgical mesh 15 is circular. 
Mesh 15 is preferably fabricated from polypropylene. A mesh suitable to practice the 
10 present invention is available under the name of Atrium Polypropylene Mesh, which is a 
product of the Atrium Medical Corporation of Hudson, New Hampshire. While mesh 15 
is preferably a polypropylene mesh, other mesh materials such as 
polytetrafluoroethylene, polyethylene terephthalate, or other biomaterial suitable for 
surgical applications are contemplated to be within the scope of the invention. 
1 5 A suitable biomaterial is any biomaterial used for constructing the prosthesis that 

performs with an appropriate host response for the specific application. In particular, the 
biomaterial will have sufficient strength and integrity while evoking a mild 
inflammatory response. The biomaterial can have physical and chemical characteristics 
that either promote or inhibit tissue ingrowth and attachment to surrounding tissues. 
20 A tab 25 is attached to mesh 1 5 at the center of the mesh to facilitate mesh 

implantation, when mesh 15 and tab 25 are deformed into a 3 -dimensional strucmre 
from a substantially planar structure. Tab 25 is preferably cut from polypropylene mesh, 
but any flexible surgical material is contemplated to be within the scope of the invention. 
Tab 25 is attached to mesh 15 by any technique acceptable for the intended surgical 
25 application. Examples include but are not limited to ultrasonic welding, vibration 
welding, heat stamping, suturing, and bonding. Tab 25 is preferably rectangular in 
shape, but other shapes are not considered precluded from the scope of the invention. 
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Prosthesis 10 is in the preferred embodiment a multi layered mesh. Prosthesis 10 
will now be described in relation to a three layered mesh. However, one of ordinary' 
skill in the an will recognize that the prosthesis of the invention is not limited to only 
three layers, but encompasses any niunber of layers, including a prosthesis with only one 
5 or two layers. Mesh 15 with attached tab 25 is positioned on top of two layers of planar 
surgical mesh 35. 37 and aligned with meshes 35, 37. Meshes 35, 37 are preferably 
polypropylene, but any mesh suitable for surgical applications may be used. Meshes 35. 
37 are preferably the same shape as mesh 1 5. but other shapes are considered within the 
scope of the invention. Meshes 15, 35, 37 are preferably circular in shape. 
1 0 Mesh 1 5 is attached to meshes 35, 37 at a finite number of joins 45 as shown in 

FIG. 2 Joins 45 are preferably created through ultrasonic welding of the three mesh 
layers 1 5, 35, and 37 but other attachment techniques compatible with surgical 
applications are coraemplated to be within the scope of the invention. Joins 45 are 
preferably located radially from the center of the meshes 1 5 and 35, and spaced apart by 
1 5 90 degrees, but otiier patterns may be practiced that one of ordinary skill in the art will 
recognize that fall within the scope of the invention. 

Prosthesis 10, as described above, is comprised of multiple layers of mesh to 
provide bulk to the device. Each layer of mesh is attached to the other layers of mesh by 
joins 45. The number of layers of mesh used to form the prosthesis is application 
20 dependent, as long as the prosthesis maintains its flexibility to defoim from a planar 
geometry to a 3-dimensional structure. 

A first example of a prosthesis fabricated in accordance with the invention 
includes a sheet of polypropylene mesh that is laser cut into three 3.0" diameter circles 
and one 0.38" x 0.75" rectangle. The 0.38" x 0.75" rectangle is centered on top of one 
25 3 .0" circle and ultrasonically welded together. The weld is approximately 0.25" x 0. 1 3" 
and is centered on the circle. This welded unit is then placed on top of the two 
remaining 3.0" circles and aligned. The three layers are ultrasonically welded together. 
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The welds are four 0.25" x 0.13" rectangular welds, radiating from the center of the 
device. The welds are equally spaced 90° apart and are placed 1.0" from the center of 
the device. In a second example of a prosthesis in according to the invention, a sheet of 
polypropylene is laser cut into three 3.75" diameter circles. The three circles are 
5 aligned and ultrasonically welded together. The weld pattern is a 0.38" square in the 
center of the device with four lines radiating from each comer of the square to the 
perimeter of the device. The welds are approximately 0.13" wide. In a third example 
the sheet of mesh is laser cut imo two 2.25" diameter circles. The two circles are aligned 
and ultrasonically welded in the center with the weld pattern of an "X". Each line of the 
10 "X" is approximately 0.13" x 0.5". In another example, the mesh is laser cut imo two 
3.0" diameter circles and one 3.0" diameter circle that has four equally spaced 0.25" 
square tabs along the perimeter. The three components are aligned with the circle with 
four tabs on the bottom. The three components are ultrasonically welded together with a 
weld pattern of four 0.25" x 0.13" radial welds at each tab and a 0.38" square in the 
1 5 center. 

An alternative embodiment of a prosthesis in accordance with the invention is 
shown in FIG. 3 that prevents tissue adhesion formation when prosthesis 40 is inserted 
imo the tissue defect. The prosthesis 40 has a first mesh layer 15 preferably composed 
of polypropylene mesh and a tab 25 that is attached to the geometric center as described 
20 above. A sheet of polytetrafluoroethyiene is cut to produce a layer 55 of material with 
similar dimensions as mesh 15, and a second mesh layer of mesh 35 is cut again to 
similar dimensions as mesh 1 5. Mesh 1 5 is placed on top of layer 55 which placed on 
top of mesh 35. The three layers 15, 35, and 55 are attached together by joins 45. Again 
the joins 45 are preferably radially distributed from the center of the aligned meshes 1 5, 
25 35, and 55, and spaced at 90 degree intervals around the prosthesis. 

The prostheses 10, and 40 of the cuirent invention are advantageously used to 
repair soft tissue or muscle defects in patients as is shown in FIGs 4 and 5. Typically 
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these defects consist of an opening or hole 65 that has developed in the wall 75 of an 
organ, allowing interior organs to protrude through the opening. Femoral and inguinal 
hernias are common examples of soft tissue defects. To repair the defect, a prosthesis 
1 0, or 40 of the instant invention is placed within the defect 65 to fill the void. 
5 Prosthesis 10 or 40 is forcibly urged into the defect 65 using laparotomy methods by 
grasping, pinching, or pushing tab 25 with a surgical instrument to deform the prosthesis 
10 or 40 from a planar configuration to a 3-dimensional structure as shown in FIG. 5. 
Prosthesis 10 or 40 is consequently said to be self-forming within the defect in changing 
from a planar configuration to a 3-dimensional structure. The multiple layers of the 
10 prosthesis 10 or 40 assume a 3-dimensional shape which anatomically conforms to the 
size of the defect 65. Since the prosthesis 10 or 40 is self fonning within the defect, the 
prosthesis better adapts to the contour of the wall of the defect as it is being implanted. 
Furthermore, the prosthesis naturally exerts an outward radial force on the defect to 
maintain the position of the prosthesis in the defect. Tab 25 allows a physician to grasp 
1 5 the prosthesis easily for a simple insertion into the defect. Prosthesis 1 0 or 40 when 
inserted creates a blunt tip which thus may reduce irritation to underlying tissue and any 
discomfort associated with the device. 

It IS thus seen that the invention efficiently attains the objects set forth above, 
among those made apparent from the preceding description. Since certain changes may 
20 be made in the above constructions without departing from the scope of the invention, it 
is intended that all matter contained in the above description or shown in the 
accompanying drawings be interpreted as illustrative and not in a limiting sense. 

It is also to be understood that the following claims are to cover all generic and 
specific features of the invention described herein, and all sutements of the scope of the 
25 invention which, as a matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as new and desired to be secured 
by Letters Patent is: 
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We claim: 



1. 



10 



A prosthesis for repairing a tissue or muscle wall defect comprising: 

a layer formed of a flexible surgical mesh fabric for tissue ingrowth with 
a tab attached thereto at the geometric center; 

wherein said layer is self-forming about said tab from a first 
configuration, which is substantially planar, to a second configuration, 
which approximates the contour of the defect upon forcibly urging said 
prosthesis into the defect. 



2. The prosthesis of claim 1 wherein said layer is circular in shape. 

3. The prosthesis of claim 1 wherein said flexible surgical mesh fabric is 
selected from the group of polypropylene, polytetrafluoroethylene, polyethylene 
terephthalate, or other biomaterial suitable for surgical applications. 



4- The prosthesis of claim 1 wherein said second configuration has a 3- 
dimensional shape, 

5. A prosthesis for repairing a tissue or muscle wall defect comprising: 



15 



25 



a layer formed of a flexible surgical mesh fabric for tissue ingrowth with 
a tab attached thereto at the geometric center; 
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wherein said layer is self-forming about said tab from a first 
configuration, which is substantially planar, to a second configuration, 
which occludes the defect upon forcibly urging said tab into the defect 

5 6. The prosthesis of claim 5 wherein said first layer is circular in shape. 

7. The prosthesis of claim 5 wherein said flexible surgical mesh fabric is 
selected from the group of polypropylene, polytetrafluoroethylene, polyethylene 
terephthalate, or other biomaterial suitable for surgical applications. 

10 

8. A prosthesis for repairing a tissue or muscle wall defect comprising: 

a first layer formed of a flexible surgical mesh fabric for tissue ingrowth; 

1 5 a second layer formed of a second flexible surgical fabric and attached to 

said fu^t layer at a fixed number of joins; 

wherein said first layer and said second layer are self-forming from a 
first configuration, in which said first and second layers are substantially 
planar, to a second configuration, which approximates the shape of the 
defect upon forcibly urging said first and second layers into the defect. 

9. The prosthesis of claim 8 wherein said first layer is circular in shape. 



20 



25 



10. The prosthesis of claim 8 wherein said first layer includes a tab at the 
geometric center for applying force to urge said first and second layers into the defect. 
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11. The prosthesis of claim 8 wherein said first flexible surgical mesh fabric 
is selected from the group of polypropylene, polytetrafluoroethylene, polyethylene 
terephthalate, or suitable biomaterial. 

12. The prosthesis of claim 8 wherein said second layer is circular in shape. 

13. The prosthesis of claim 8 wherein said joins are spaced radially at 
predetermined intervals about said tab. 



14. A method for repairing a defect in a tissue or muscle wall, comprising the 
steps of: 



providing a layer formed of a flexible surgical mesh fabric for tissue 
ingrowth; said layer being self-forming from a first configuration, which 
^ ^ ^5 substantially planar, to a second configuration, which occludes the 

defect upon forcibly urging said layer into the defect; 

forcibly urging said layer of flexible surgical mesh fabric into said defect 
to occlude said defect. 

20 

15. The method of claim 14 wherein said layer of flexible surgical mesh 
fabric is circular in shape. 

1 6. The method of claim 1 4 wherein said flexible surgical mesh fabric is 
25 selected from the group of polypropylene, polytetrafluoroethylene, polyethylene 

terephthalate, or suitable biomaterial.. 
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1 7. The method of claim 1 4 wherein said layer of flexible surgicai mesh 
fabric includes a tab attached thereto at the geometric center of said layer for applying 
force to urge said first layer into the defect. 



1 8. A method for repairing a defect in a tissue or muscle wall, comprising the 
steps of: 



providing a flexible first layer formed of a surgical mesh fabric for tissue 
ingrowth attached at a fixed number of joins to a flexible second layer 
formed of a second surgical fabric; 



changing said first and second layers from a first configuration, in which 
said first and second layers are substantially planar, to a second 
configuration, which approximates the shape of the defect upon forcibly 
^ ^ urging said first and second layers into the defect. 



19. A prosthesis for repairing a tissue or muscle wall defect comprising: 

a first layer formed of a flexible surgical mesh fabric for tissue ingrowth; 
a second layer formed of a second flexible surgical fabric; 



20 



25 



a barrier layer positioned between said first and second layers for 
preventing tissue adhesion; 

wherein said first layer, said second layer, and said bamer layer are joined at a fixed 
number of locations and are self-forming from a first configuration, in which said first 



f 
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and second layers are substantially planar, to a second configuration, which 
approximates the shape of the defect upon forcibly urging said first, second, and barrier 
layers into the defect. 



5 20. The prosthesis of claim 1 9 wherein said first layer is circular in shape. 

21. The prosthesis of claim 1 9 wherein said first layer includes a tab at the 
geometric center for applying force to urge said first and second layers into the defect. 

10 22. The prosthesis of claim 1 9 wherein said first flexible surgical mesh fabric 

is selected from the group of polypropylene, polytetrafluoroethylene, polyethylene 
terephthalate, or suitable biomaterial. 



15 



23. The prosthesis of claim 1 9 wherein said second layer is circular in shape. 

24. The prosthesis of claim 19 wherein said joins are spaced radially at 
predetermined intervals about said tab. 
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